micro-level urban model and use the micro simulation approach to simulate the urban development. However, different from most western countries where land freehold is prevalent, all land in China belongs to the state, which controls the land market strictly and makes the land use plans annually.
Government sells the land use rights (LURs) to the developers, and developers purchases the LURs through auction or bidding, and the term for the LURs of residential land is usually 70 years.
Enterprises usually rent or buy the office from the real estate developers. In this macro control land market, the real estate developer is like a mediator, who makes a location choice to buy the development right of a land from the government and meanwhile build house for the householders/individuals and enterprises. Therefore, the location choice behavior of householders, individuals and businesses do not act explicitly on the land in the urban space like in some western counties, but make implicit influences on the location choice decision of the real estate developers.
Based on these influences and their profitability expectations, the developers select the vacant and non-urban use land and develop it into the urban use land. In this paper, we focus on research of the location choice model of the real estate developers in Beijing to predict and simulate the change in land use as an outcome of the development practices in the Beijing metropolitan area.
Our approach in modeling the location choice behavior of real estate developers assumes that all developers are motivated to maximize their profits. Their own resources, the constraints of the land use policy and the physical environment are the possible gap for their location choice (Waddell, 2003) . A second assumption is that the government is reasonable enough to make the land use plan. The plan of the quantity of the to-be-developed land is determined by the macro economic and population. Also, the government would approve all the development demand of the real estate developers when they find a suitable land to develop. A third assumption is that the land price is determined only by the advantages of the location and the current macro economics in China. The individual consumers and suppliers can not manipulate land prices directly. The transportation accessibility, public service accessibility, amenities and so on are capitalized into the land value for the location.
We simplify the chain of real estate development in Beijing at two levels: macro level and micro level.
The macro level is reflected in aggregate social and economic factors which are currently influenced greatly by the event of 2008 Olympic Games. The micro level involves the decision which real estate developers in Beijing make to develop the location from vacant land to urban use land. The flowchart in Figure 1 presents a structure view of the macro and micro level combination real estate development model in Beijing.
Figure 1: Real Estate Development Structure
At the macro level, the Olympic Games could drive the city economic growth quickly, particularly public service, travel and business industry. In Complex Adaptive System (CAS), the components interact while adapting to their environment.
Agent based models offer a promising framework for analysis of interactions between autonomous developers and the heterogeneous landscape in the metropolitan area. It essentially simulates the processes in which agents interact with each other but also with the vacant land where the assumption is that all possible feedbacks between land space and agent can, in principle, take place (Batty 2005a).
These processes represent the city growth in the time line. We adopt an agent based model approach to better simulate the urban growth of the Beijing metropolitan area at the micro level,
In this context, we have already defined two levels -the macro and the micro, and we can thus define the agents, landscapes and their interactions in our agent based model from micro level and control the running of agent based model from the macro level. In terms of agents, we define developer agents who make the location choice and convert the non-urban use land to urban use at the micro level. We can know from the figure 1 that their decision rule is regulated by the macro factors and micro factors.
STUDY AREA
Beijing, the capital of China, is located in the north of China, close to Tianjin Municipality and partially We present the Beijing area with a two-dimensional square lattice using grid cell of 100 by 100 meters as the space, and each grid space contains about 2,000,000 cells. We use GIS to overlap the parcel data on the grid space, which mainly includes physical environment data, transportation data, economic data and public service data etc.
We evaluate each cell in the grid a set of values from the micro level variables which are described in 
Global Model Design: The Macro Estimated Model
In this macro estimated model, we discrete the time into several time step, and we focus on the real estate development in one time step. Each time step could represent one year. The time step or the year can be only identified by the population and GDP. For example, if we want to simulate the residential real estate development from 2007 to 2015, we discrete these 8 years into eight time steps, and each time step represents one year. In each time step, we calculate how many residential land space area will be developed by developers, this to-be-developed area At at time step n is defined from the function f{} which specified as:
Where GDP X , Population X and Policy X are socio-economic drivers associated with economic development and regional policy appropriate to the macro level. The equation (1) is the basis for the estimation of the importance of exogenous variables to the urban use land to be developed which are fitted using linear regression. The vacant space to be developed in fact will determine the number of the real estate developers over the macro-time period T. In this paper, we assume that one agent only can develop one cell (100x100 meters) in each time step. That means, the number of agents equals to the number of to-be-developed cells in every time step. Hence, the number of agents Dt during the time period T is calculated by this equation:
In the macro estimated model, we design a policy control module that allows user to add policies at the specific time step. According to the model structure of the real estate developers' location choice, this module could execute plan and constraint at the macro and the micro level of the model. The policy control of the macro variables could be implemented through setup the exogenous global variables, such as the global economic growth rate, the population growth rate, and the GDP or population amount in a specific time step. Through dominating these global variables, the planners could indirectly control the supplement of the urban use land. Besides, the policy control of the micro level such as planning a new subway line, an economic development zone or a restrict development area in a specific year is also provided in this module. The planners could use GIS tools to convert these plans or constraints to a new grid layer and replace the old grid layer which is used it in the location choice model for developer. The change and constraint attribute values of the cells will take effect on the developers' location choice decision.
Micro Model Design: The Location Choice Model
The micro simulation section focuses on the logic of developers' decision making process on the location choice. In this model, the developers are treated as agents which we index as j = 1,2,…,I, and each agent enter the grid type landscape and move on the cells which we index as k = 1,2,…K in the study area. To arrive at the location choice model, we assume that (1) each agent only develop one cell at one time step, (2) these agents will only choose vacant area and develop it to urban use land, and (3) they are motivated by maximize their profits. The heart of the process would be a nested decision structure with regards to any given parcel of land shown in Figure 4 below.
Figure 4: Location Choice Process of Developers

Select Region
The agents would not do a randomly location choice but first select a special region from the eight regions in Beijing. We did this design for several reasons. Firstly, Beijing metropolitan area is composed of eight regions, which is shown in the figure 2 (b) . Government makes the land policy based on the unit of region in Beijing, such as the annual capacity of urban use area. In general, it always makes a policy on the supplement of the urban use land yearly in a region to either restrict the exceed growth speed or accelerate the region development. The number of to-be-developed cells is determined by those policies, and so is the number of the agents in each region. Therefore, when a region contains adequate number of agents, other agents are not able to select this region anymore but search for other suitable region. By doing this, the simulation of the real estate development will be factually. For the second reason, the developers in Beijing should cooperate with the local government office in a region to handle the affairs for the real estate development. Once the developers got the successful experience in this region, they will consider this region with the top-priority for next real estate development. At the initial stage of the simulation, all the agents select the region randomly.
Then their selection will be recorded as the history data which is used for the region choice at next time step.
To predigest this process, we use a region layer to simplify the region selection of the developers. In this region layer, every region is marked with an identification code and so are the cells in this region.
The percentage of the overall real estate development of each region can be configured in the global variables in the model. We can modify these variables when we pause the simulation.
Select Cell
Once the agent selected a region, it should make decision to choose a cell in the region. The agent will calculate the probability of each alternative (vacant to residential area, or vacant to non-residential area include commercial, etc.) of all cells using a discrete choice model. We draw on discrete choice theory and random utility maximizing models (McFadden) to design a multinomial logit model. Step n+1
Step n Develop Xun LI, Tiyan SHEN, Li TIAN Simulating the Development in Beijing, 43rd ISOCARP Congress 2007 9 separated into a systematic part and a random part:
where i x is the factors that impact the utility i U , i β is the estimated coefficients, and i ε is an unobserved random error that is formed with a Gumbel distribution, which leads to the familiar multinomial logit modal (McFadden)
The probability that an agent choosing to develop one cell to alternative i is represented as P . The estimable coefficients i β are estimated with the method of maximum likelihood (McFadden). Potential micro level variables that make up the utility function of such model include transportation accessibility, public service accessibility, business accessibility, site physical environment and the amenity.
For each development type (residential and non-residential), we build a multinomial logit discrete choice model. Therefore, two models are built, and the models are estimated using maximum likelihood.
In the time step n, one agent will use the corresponding discrete choice model to calculate two probabilities of all the cells which are vacant land in the landscape: 1 P is the probability that one cell transfer from vacant to urban use land, and 2 P is from vacant to non-urban use land. The agents will get a set of cells which are most suitable for the agents to develop to urban land use. (
the agent will do a random choose from the result set to select a specifically cell to develop.
Bid
At last, each agent should have one vacant cell chose. Nevertheless, the situation that some agents might select a same cell would happen. Hence, we add a bid procedure in the developer's decision making model. Once the agent selects a cell which is not occupied by other agent, the cell will be marked "Occupied". We assume that all the agents are the same, and in case two agents select a same cell then a random selection would take place between two bid agents. The selected one will occupy and develop the cell, and the loser would re-select the cell from the result set which was generated in the location choice procedure.
Develop
In this time step n, after all agents "develop" the vacant space to urban use, the time step will increase to n+1, the same logic of the developers' location choice will act again. At the initial stage in time step n+1, the global variables and grid cell data will be reload because of the possible execution of new policies. For this reason, the number of the agents would increase or decrease. The agents will use the new data to do the location choice in time step n+1.
System Prototype
In our multi-agent based simulation model, we develop the system prototype by using the CitySim, Repast (Recursive Porous Agent Simulation Toolkit) and weka. CitySim is a grid based micro simulation system (Shen and Li, 2007), we extent this library to wrapper the Repast, which is a agent based framework and the Weka, which is a data mining toolkit to implement our system prototype. The GIS data of the distance variables are collected from the State Bureau of Surveying and Mapping (SBSM) or generated from the satellite images. The grid data (100x100m cells) of the physical environment distance and economics is prepared by using ArcGIS, Erdas and CLUE.
The physical environment data includes slope and DEM data of Beijing shown separately in figure 7 (b) and (c). 
Model Calibration and Validation
We test the macro estimated model against the history data in the 
CONCLUSION
In this study, we construct an agent-based model to simulate the real estate development in Beijing metropolitan area to predict the impact of the 2008 Olympic Games on city development. We use ABM to build up a complex and interactive process of real estate developers' location choice with the site features: transportation accessibilities, public service accessibilities, amenity and so on. We use a linear regression macro estimation model to control the growth of the real estate development and operate the policies on the growth simulation. These two models in macro and micro level combine to
